Background {#S0001}
==========

Hypertension is a major long-term health condition and the leading cause of premature death among adults throughout the world, including developed, developing, and lesser developed countries. Sometimes called arterial hypertension, which is a chronic medical condition in which the blood pressure in the arteries is elevated, this requires the heart to work harder than normal to circulate blood through the blood vessels.[@CIT0001]

Hypertension is a worldwide public health challenge and a leading flexible risk factor for cardiovascular disease and death. Globally the number of people with uncontrolled hypertension rose by 70% between 1980 and 2008. The rising epidemic of hypertension is thought to be due to mechanization, population growth, and ageing.[@CIT0002],[@CIT0003]

Hypertension doubles the risk of cardiovascular diseases such as coronary heart disease, congestive heart failure, stroke, renal failure, and peripheral arterial disease.[@CIT0004] The global burden of cardiovascular disease over a fairly short period is attributable mainly due to changes in lifestyle such as diet and physical activity.[@CIT0005]

Hypertension in Africa has now changed from a relative rarity to a major public health problem.[@CIT0006] Current disease estimates for Sub-Saharan Africa are based on sparse data, but projections indicate increases in noncommunicable diseases caused by demographic and epidemiologic transitions; however, hypertension control assumes a relatively low priority and little experience exists in implementing sustainable and successful programs.

Ethiopia is a country currently prioritizing prevention of communicable and nutritional deficiency diseases. However, it is experiencing double mortality burden as evidenced among the adult population in Addis Ababa.[@CIT0007] A study conducted in Ethiopia in the last decade showed that the prevalence of cardiovascular diseases increase the risk factor rapidly.[@CIT0008] Recently comprehensive assessment of the evidence concerning hypertension in Ethiopia does not exist. However, recent evidence indicates that hypertension and raised blood pressure are increasing partly because of the increase in risk factors. The goal of this study was to investigate the association of survival time and fasting blood sugar levels of hypertension patients and identifying the risk factors that affect the survival time of the patient

Methodology {#S0002}
===========

Data Description {#S0002-S2001}
----------------

The data for this study was obtained from hypertension patients from Yekatit-12 Hospital under follow-up from January 2013 to January 2019. The data was extracted from the patient's chart which contains epidemiological, laboratory, and clinical information of all hypertension patients under follow-up. A total of 430 patients were selected using a simple random sampling technique among a total of 2126 hypertension patients under follow-up. The description of the covariates are presented in [Table 1](#T0001){ref-type="table"}.Table 1Explanatory Variables with CodesVariablesDescription and Codes1GenderFemale (0), Male (1)2Age\>50 Years (0), ≤50 Years (1)3Place of residenceRural (0), Urban (1)4Family history of hypertensionPositive (0), Negative (1)5Tobacco use0= No (0), Yes (1)6Alcohol useNo (0), Yes (1)7Khat intakeNo (0), Yes (1)8Related diseaseNone (0), Stroke (1), Heart case (2)9Cholesterol levelNormal (0), Raised (1)10Diabetes mellitusNo (0), Yes (1)11Fasting blood sugarContinuous12Stages of hypertensionStage 1(0), Stage 2(1), Stage 3(2), Stage 4(3)13AdherenceLow (0), High (1)14Visit timeContinuous

Statistical Estimation {#S0002-S2002}
----------------------

The joint models are defined in Henderson et al[@CIT0009], [@CIT0010] and Guo and Carlin. The longitudinal and survival process is linked through stochastic dependence. Consider that we have a set of *n* patients followed over a time interval (0, T). The $\documentclass[12pt]{minimal}
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Survival time of the patients measured by years, months, weeks, or days from the beginning of follow-up until an event occurs. For the survival data, let $\documentclass[12pt]{minimal}
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Linear Mixed Effects Model {#S0002-S2003}
--------------------------

The linear mixed effect model is often used in the literature for modeling a longitudinal data and provides a general and flexible modeling framework based on a random effects approach.[@CIT0011],[@CIT0012]
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Survival Models {#S0002-S2004}
---------------

The survival time is a random variable defined on non-negative real numbers. The observed time is taken as the minimum $\documentclass[12pt]{minimal}
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\end{document}$is a sequence of mutually independent measurement errors. The random error terms follow a distribution such that the time--to--event, in this case, exponential, Weibull, lognormal and loglogistic distributions. If the error follows normal distribution, the time is lognormal, and the error follows logistic distribution, the time is loglogistic. The Weibull distribution arises as a general linear form of the smallest extreme value distribution.[@CIT0014]

The four AFT models considered in this study are exponential, Weibull, lognormal and loglogistic distributions. [Table 2](#T0002){ref-type="table"} lists their probability densities, hazard rate functions, and survival functions.Table 2List of Accelerated Failure Time Distributions**ModelsParameter**$\documentclass[12pt]{minimal}
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Bayesian Joint Model {#S0002-S2005}
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### Likelihood Model {#S0002-S2005-S3001}
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The respective likelihood function of interest is: $$\documentclass[12pt]{minimal}
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### Prior Distribution {#S0002-S2005-S3002}

Noninformative joint prior distribution of the parameters are considered: $\documentclass[12pt]{minimal}
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### Posterior Distribution {#S0002-S2005-S3003}

The joint posterior distribution $\documentclass[12pt]{minimal}
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\end{document}$ is the normalizing constant. It is a high dimensional problem that requires modern computations. Thus inference is based on the Gibbs sampler algorithm using full conditional distributions of the parameters. The Gibbs sampler algorithm is implemented in the WinBUGS software version 14.3.[@CIT0015] Inferences are made based on simulation of 40,000 iterations with burn-in of 20,000 and thinning of 10. Time series plots, autocorrelations and Gelman--Rubin statistics are assessed and they all confirm convergences.

Model Comparisons {#S0002-S2006}
-----------------

In this study, we compare the four Bayesian joint models with the AFT exponential, Weibull, lognormal, loglogistic probability distributions using the deviance information criterion (DIC), Akaike's information criterion (AIC) and Bayes information criterion (BIC). It measures how best the selected model can predict future observations given that it best fits the data at hand.[@CIT0016]

DIC involves posterior mean that takes into account prior information and penalized likelihood. It is computed as: $$\documentclass[12pt]{minimal}
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\end{document}$ is effective number of parameters. The AIC and BIC are computed as follows: $$\documentclass[12pt]{minimal}
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Where, *p* is the number of parameters in the model and *n* is the sample size. The models used in this study involve random effects and so the DIC is more relevant for the model selection.

Results and Discussion {#S0003}
======================

The objective of this study was to investigate the association of survival time and fasting blood sugar levels of hypertension patients and identifying the risk factors that affect the survival time of the patients. The linear mixed effect model was assumed for the longitudinal process, while exponential, Weibull, lognormal, and loglogistic distributions were assumed for the survival time. A random sample of 430 hypertension patients was selected from 2126 hypertension patients under follow-up and the data analyzed using Bayesian joint models. The findings from the models are all interpreted as they are important in many ways. The statistical packages SPSS version 20 (IBM Corporation, Armonk, NY, USA) and WinBUGS software version 14.3 have been used to analyze the data.

Descriptive Survival Analysis {#S0003-S2001}
-----------------------------

In the data set considered 430 hypertension patients among which 55.3% are females and 44.7% are males. In the survival data, 17.9% are dead and 82.1% are censored. The death proportion of male patients was 23.4% and of a female patient was 13.4%. Among 430 patients 88% of them live in a rural area and only 12% of them reside in an urban area.

To observe the event experiencing time between two or more groups plotting the survival function for the group is recommendable. To obtain a closer look at estimate of the survival time we used the Kaplan--Meier estimation technique. The pattern of survivorship function lying above another means the group defined by the upper curve had a better survival than the group defined by the lower curve. The log rank test also used for comparing two or more independent survival curves, the analysis show that the log rank test for covariate gender (χ^2^=5 with 1 df, *p*=0.03), khat intake (χ^2^=9.7 with 1 df, *p*=0.002), blood cholesterol (χ^2^=5.9 with 1 df, *p*=0.02), stage of hypertension (χ^2^=59.7 with 3 df, *p*=0.00), adherence (χ^2^=12 with 1 df, *p*=0.00) and related disease (χ^2^=29.6 with 2 df, *p*=0.00), at 5% level of significance, there is evidence to reject the null hypothesis. Therefore, they are statistical significant in survival experience of the patients in different categories of gender, khat intake, blood cholesterol, stage of hypertension, adherence and related disease. Also, the log rank test for the covariate place of residence (χ^2^=0.4 with 1 df, *p*=0.5), family history of hypertension (χ^2^=1.4 with 1 df, *p*=0.2), tobacco use (χ^2^=0.1 with 2 df, *p*=0.8), alcohol use (χ^2^=1.4 with 2 df, *p*=0.2) and diabetes mellitus status (χ^2^=1 with 2 df, *p*=0.3) are not statistically significant at 5% level of significance, therefore they are not statistically significant in survival experience of the patients in different categories of place of residence, family history of hypertension, tobacco use, alcohol use, and diabetes mellitus. [Figure 1](#F0001){ref-type="fig"} shows that there were statistical differences among survival curves of sex group, family history of hypertension, cholesterol level, diabetes mellitus. Figure 1Kaplan--Meier survival function curves of hypertension patients. (**A**) Gender of patient. (**B**) Family history of hypertension. (**C**) Cholesterol level. (**D**) Diabetes mellitus.

To check the PH assumption, the scaled Schoenfeld residuals were plotted over time and the corresponding *p*-values, as well as the *p*-value associated with a global test of non-proportionality are tested. The global test suggested strong evidence of non-proportionality (*p* \<0.025). [Figure 2](#F0002){ref-type="fig"}: shows plots of Schoenfeld residuals against transformed time for each covariate. There is a systematic departure from a horizontal line that indicates violation of the proportional hazard assumption. Figure 2Plot of scaled-Schoenfeld residuals vs follow-up time. (**A**) Khat intake. (**B**) Age. (**C**) Stages of hypertension. (**D**) Related disease.

Inferential Analysis {#S0003-S2002}
--------------------

The Bayesian joint AFT analysis involves the random effects $\documentclass[12pt]{minimal}
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The posterior means of the parameters, standard deviations, Monte Carlo errors, and 95% credible intervals are estimated. The simulation of the posterior distribution was made using the Gibbs sampler algorithm and produced three realizations of 40,000 iterations with different initial states. A burn-in of 20,000 iterations was considered and convergence diagnoses are assessed. Inferences are then made based on independent samples taken.

Model Comparison {#S0003-S2003}
----------------

Analysis of data for model comparison is given in [Table 3](#T0003){ref-type="table"}. Estimates of total DIC for the four models are 15,726.8 for BJ-exponential, 15,582.4, for BJ-Weibull, 15,658 for BJ-lognormal, and 15,778.1 for BJ-loglogistic models. The Bayesian--Weibull joint model has the smallest total DIC, AIC and BIC. Based on model comparison, inferential analysis was done using the ﻿Bayesian--Weibull joint ﻿model.Table 3Model Comparison Among the Bayesian Joint ModelsModelDbarDhatpDDICAICBICExponential15,23214,737.50494.8015,726.8015,27215,337.34Weibull15,087.4014,59249515,582.4015,127.4015,192.74Lognormal15,171.2014,684.40486.8015,65815,211.2015,277.54Loglogistic15,142.8014,507.40635.3715,778.1015,182.8015,248.14

Bayesian Weibull Analysis {#S0003-S2004}
-------------------------
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\end{document}$ 95%CI (0.924, 2.522). It supports the assumption of heterogeneous variance for the repeated fasting blood sugar measurements.
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\end{document}$ The significance of the association parameter suggests that there is strong dependence between fasting blood sugar levels and survival time of hypertension patients. The Bayesian--Weibull joint model analysis in [Table 4](#T0004){ref-type="table"} below show that the longitudinal sub-model and fasting blood sugar were significantly associated with visit time, tobacco and alcohol use and place of residence. In survival sub-model, the survival time of hypertension patients was significantly related with baseline age, gender, family history of hypertension, khat intake, tobacco use, alcohol use, stage of hypertension, and adherence. The posterior means of the parameters, standard deviations, Monte Carlo errors, and 95% credible intervals are estimated and displayed in [Table 4](#T0004){ref-type="table"}.Table 4Parameter Estimations of the Bayesian Joint Weibull ModelsParameterMeanSDMC Error95%CI$\documentclass[12pt]{minimal}
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The effects of covariates identified in this study are fairly consistent with the previous findings. For example, a researcher[@CIT0017]--[@CIT0021] found that family history of patients, alcohol use, baseline age, and stage of hypertension were risk factors associated with survival time of the patients. The four Bayesian models based on the AFT exponential, Weibull, lognormal, loglogistic distributions were studied.

Conclusion {#S0004}
==========

The aim of this study was to investigate the association of survival time and fasting blood sugar levels of hypertension patients and identify the risk factors that affect the survival time of the patients. Bayesian joint models were used with the assumption of linear mixed effect model for the longitudinal fasting blood sugar observations and of four AFT distributions for the survival time of hypertension patients.

Covariates with significant effects are identified from analysis of the Bayesian--Weibull joint model. The findings reveal that the health of hypertension patients under follow-up can be improved over time and female hypertension patients had better survival probability than male hypertension patients. Survival time of a hypertension patient was affected by baseline age, gender, family history of hypertension, khat intake, tobacco use, alcohol use, stage of hypertension, and adherence.

In conclusion, a significant number of patients were found to lack knowledge about behavioral risk factors of hypertension and so they need great attention. Therefore, teaching patients about the effect of behavioral risk factor of hypertension like alcohol use, tobacco use, and khat intake and improvement of the surveillance systems implementation of community based screening programs for early detection of hypertension are highly recommended.
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[^1]: **Note:** \*Significant.

[^2]: **Abbreviations:** MC error, Monte Carlo error; CI, credible interval.
